Cyclic GMP inhibits a pharmacologically distinct Na+/H+ exchanger variant in cultured rat astrocytes via an extracellular site of action.
There is growing evidence that cyclic GMP (cGMP) plays important roles in the brain. In cultured rat astrocytes, we observed that the cGMP-inducing C-type natriuretic peptide (CNP) and cGMP analogues caused a decrease in intracellular pH (pHi). To examine whether this effect was due to inhibition of an Na+/H+ exchanger (NHE), we acidified cells by replacing extracellular Na+ by choline and examined the kinetics of the pHi recovery that occurred on reintroduction of Na+ in the extracellular medium. Both CNP and amiloride analogues inhibited the Na(+)-dependent pHi recovery, even in the nominal absence of CO2/HCO3-. This indicated that CNP inhibited the activity of an exchanger that was Na(+)-dependent, HCO3(-)-independent, and sensitive to known inhibitors of NHE. However, comparison of the potencies of four distinct amiloride analogues revealed a pharmacological profile that was different from that of any other NHE characterized to date. cGMP mimicked the effect of CNP on sodium-dependent pHi recovery, but the native nucleotide was as potent as membrane-permeant analogues. Intracellularly produced cGMP was very rapidly exported out of astrocytes. Probenecid and niflumic acid slowed down the rate of cGMP egression and inhibited the effect of CNP on Na(+)-dependent recovery, but not that of extracellular cGMP. Altogether, our data indicate that cGMP inhibits a novel type of NHE in astrocytes via an extracellular site of action. If these results with primary cultures transfer to brain, this phenomenon may constitute a mechanism by which natriuretic peptides exert some of their actions in the brain, as pHi transients have been shown to modulate several important astrocytic functions.